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-E 1^ §^ -if^t?!: ^ ^#?3: SBi^II ^^$] 2:,2\ 7^^^ v}^^ He]Hf- (Masson's trichrome) '^^-^ ^^]^}<^ 

^ ^m-§- S^J1-<^1 ^t!- ^^S., N-^E.^X\-4-{5-[4-(5-o]±^S.^-2-^^-1,3--£\<^}^- 

Bi^^ ^^sQ: iEfe ^^^s] -g^^go] ul^^^ ^c]^ ^6\ ^^^4. €^1^ 

5Lfe 5if-A>:a i^^j-, t>^^J-ii^i 'a^M-^ -^l^^^a, #4*^, cflA>oiAj-^ ^tgiis 91^ hb]5^ ig^ ^ 

ia^M- ^}^SLS. BB^i ^O] 514. Aj-Efli^ #^^(# liJ-^JSl BBj-i^rf 

^ 14^ A|)o]i e7^5M, S'i^^, :i^i^^(greenstick) ^^cJ- ^^cJ- 4^1^c]- 

-t^^^ ^^s. ^^^4. 

^7flsi4. 44A^, #^Ai-ff- 4^j^<ji 11^, ^^j- BB^^-lli ^ BB^7l^^ ^i^^-fli^ ^^si) ^l7i£lu], 

^fe #^(perilsteum)3l- #ifl^-(endosteum)2l si^^2i><-lli(osteoprogenitor celDfe ^^■s><^ §^ ^-fl 

(cellular tissue)^ '^l^^ #^=1 ^f-^^Hl^^i^ 4^ <g#^z|^ 

SJfEi ^leifl #Sl-4^jol <|]o|i47-:|i4 4AjBij^ it^S4^^](intramembranous ossification)^ f-sfl ^^J^tt BB^dmmature 

bone)7V ^^^514. 44^i, 4^c3bb^ 11-^c94^^ ^ ^-^^'^l ^^li ^4^^i4. '^l^ 

^ Hj-A)oll l-fl-^«>7l1 ^^i^ TilAj^BB|sl ^l^(trabecular)7l-#^^ iffllsl <a:^^ ^a]^ 0.5. :^^X\^ 7l-#(bony 
callus)^ ^^c^^U, ^^^=1 7l-#4 'aAW^^(wovenbone)^ ^l-fi-7l- ^sS^<^ll ^^H^S. ^^5l<H 

f^^uB^ (lamellar bone)^ tfl^fl^tg-^l "^4^ ^^2^S. 4t^^4. 

^aa.H^S. sf^^ 3711 ^^7l, ^47] ^ 215.1^713. ^^^4. 

1:^1 ifl<^lAi l^^l ^l7l£|<H ^<iKgranulation) S^^S. -a7l-#(soft callus)^! ^^Jsl^, ^ 

# i44#i 4«fl ^7i-#s ^1^5]^^ 4^c^(^#^ #21-), ^ #^-011 $7ll-s>fe # /fliofl si*fl Afls.^ 
4^(^j-fr^JM vfl ^sj-)-?! 27)131 4^^o) i^sjsH ^«J^14. 

^^1, 5l£l^7lfe ^^^^ Afls.^ go] # # ^^^5] i|>4oil o^^ll ^7]:^o\] Al;^j-£|fe tt^, § ^^ol 

Bl, 3711 ^mt!:4. T^47l ^^s>fe ^o] ojaj-^^^ ^^^h, xis^i^ oie^^V 

^-^^^ #^^1^ ^^tt sBls.^ ^fl^S^ #^Al4fe ^'^l ^-S.s>4. 
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^4(Proc. Natl. Acad. Sci., USA, vol. 87, pp. 2220-2224 (1989)). aft, 5^5cli^Blls]-;^l(PDE) 4-§-«> 

^ilivfl AMP(cAMP) ^7M^Jil5L«l # ^^t^ ^HH^^lfe ^^Sj^i^n^, ^^h>^^<?1 PDE ^isfl 

^joj ^S-Al^B], BL^ ^^^91 PDE4 ^isfl^l^l #5]St^ ^§1-^4 Pf-f ii^i ^ cfls]§i5^ § i;?-7l^ 
'gJE.Sl ^7} ^ sBj(cortical bone)^ 44^^^ *1 ^4^^14^ ^=^1 JiJls] $i4(Bone, vol. 27., 6 pp. 811-817 
(2000)). 

<:«^el 7}^] ^^oflA-l .g^7l- ^sS£|<H ^4(Kawamura. M and Urist MR.. Clin. Orthop., 236, 240-248, 
1988). 

71-Sl Jl #4*^ ^IS-^lS A>-g-£|ji ^^al- oll^ijes.;^, ^Alsid, ulHl-^ D, ul^^i^iLilojE 

^1^1 ^]S.<^] 4*§H ^liis4* 7lt:fl*l-gil4, ^^SL -^^^l^H ^1]^ ^# ^ 

Efl7l- 4^^^ #^4 7f4^ "^M, #^^^1 ^j^oi-^5Li^ ^^444 #4 ^^.^'^l ^4^t ^oi-^fl ^ ^^^o^- 
^lal: ^ ^4:ii -B-^l: ^ 9J4. 

^>44 #4-?^4 #^4 7]ydy}^]SL ^14^ #4 ^fll^^Cbone resorption)^ "^4^}^ ^4*^ 45iJL4» 44 
iflfe #^^J(bone formation)^ ^^^l^H ^IS.* ^-Q^l^ ^ Sife^ll, 1-<H al^S^Si-ilolE 

^1^14 44;^S4'^1H 4:i4-§-(incadronate disodium)^ 444 ^^4S^ 4-t- 5JH4 44#(femur)4 

#4 44* 4 44^4^ iL3.7l- 43.(Li C et al., J. Bone Miner Res. 2001 Mar; 16(3):429-36), 44;^S4'^lHl: 4 
45lt^ ^ #4 ^ 16^44 #4 44i <^J%^^ 444 44 4444 44i^i^4'^lH 4fife ^71-444 
4:, ^-n-^*?]: elS-l^ 4-^^ 4'a4?I4-fe il^as $14(Li J et al., J. Bone Miner Res. 1999 Jun; 14(6):969-79). 

i£4, #44^4 44 44^^! 44 4i5-S 4ei4 444 4^^!^ 444 bFGF #^4-B-4fe 4t^4 44'>1 ^fe 4 
iLJl4:a 44(Xu ^, Chin. J. Traumatol. 6, 160-166, 2003). 

444, 4444 44 444 ^j44^^s4 444 s44i5-S 4444 44^ 4444 45^44 444444 444 
o]^s. ^^7} %144, #4*^4 ^44^1 i-a-tt §^ 44 3:41- ^^fe 4^14 ^B^^o) ^^*] 0^4. 

^ ^'^^^^ #^<^1 tfltb J:4-^?l 45.^11- ^sH -a^si-^ f'. ^ ^'^41-'^1 #4*^ 4a^l(cfltb4 

444 47fl-^iL 4 10-2003-8654J:)s 4^4 N-4;^44-4-{5-[4-(5-fl:iSS4-2-44-14-444-4-4)5ll 
441444I-4S444 4 4-{5-[4-(5-'iliSS4-2-44-14-^44-4-4)444 ]444}-4s44'^l 444 
44 #44 44440) 44 4'^14i£ 444^ #4 4 ^4^^4 7l-#4 4 445L# 471-444 7m^^ <^ 
# 1^ ^^S4^ #^sH #^<=H1 3:4-7l- ^ ^^^^ ^^i^}^^ 

#p|o] o].f-:ii7| s[^=; 71^4 

^ N-«lH^4-4-{5-[4-(5-C'l^HS.^-2-i^ll-l,3-El4#-4-^)5ll^4]^^4}-'ffl^4°l^. 4-{5-[4- 

(5-<^l4iSs4-2-44-l,3-E]44-4-4)444]^^4}-^^4^1^ afe 4^1«}-^^s. ^-8- 7}^^ <g4 
4fe #4 4^144 S4#^ ^l^*t4. 

atv, ^ 4-4 ^<^«H 4s.«>fe wj-i^^ ^l^t!:4 

44 44 4 4-§- 

^ 4:^^ 44 IS. S45lfe ^^44^ afe 44 4^1«l-4^s«l^ 7}^^ i^4fe #4 4s-§- 
4^144 ^l^t!:4. 
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^^^S. ^■%-7}^^ -R-Hl^(free acid)-^! ^^j^ ^-^7l-^ol i3>^^«>4. -^2^x1.0.3.^ ^7l>!:3l. -^7]^^ a>^^ 

^ j-7l^Viii;Lfe <?^th n^^, %th <?lt> 4^^^ ^ -ff-7l ^Viisfe ^^th ^p}^ 

S)^n^ v^2.o}M]x^ S)^^^^ "S-^]^ 145} ^la:*!-'^ 4^1: 514(^^1^^^, Synthesis and 

Biological Activity of Natural Products and Designed New Hybrid Compounds for the Treatment of LTB^ Related 

Disease, Jf^cfl^i^ '^^'Q '^l*!-^^^ 1999. 8). 

t'^'^lAi ^^Aj'^l 4^ sife ^4^*W1 Aj-Efl^A^^ sfl^s}-^?] ^^(#4, #?}4, #?}^, 

^tJi-fi-^C^flyj-^j, n^^^), ^(^* sife ^l^oh "^l^^^c^C^l^^A.^, ^"^l^^A.^), §^^5^ 

-^^ 7l$^s. 4<*t!- i-e|^ ^^^^4. 

-a iflsol-Plci ^^1-^^ cfl^^i 7l-#5] ^-11^^ S.in ^i-i^l^li 7l-#5] 

1=1 ^'^l ^7]-^4(p<0.01 afe p<0.05). 

^Aj?) j7 ^2:^ -^^A^ ojTii ^7M?ii^, ^^'^i 7m ^^1-^^ ^ ^^^^^ ^1-%=^ Cl 

^c] ^isfji #2:^51 -t^^ 4 ^'^l ^7l-t!:4(p<0.01 afe p<0.05). 

i£*l, -iflJ- ;£7l5] ^-^ -tl^ol-Plcl ^^1-^^ cfl^^i 7l-# ^^Lfl 4#^lliS] ^1- 

9Xn ^7M?)^, -g-^'^) ^^^T-^ 7m 4#^-1ia^ T^fe 1=1 ^^'^l ^7l-*t4(p<0.0l). 

^i-:tAl^4(p<0.01). o)fe olol §3}-7l- o^i^ 44^4. 

a1-4^i, ^ ^'gSl ^^r^ 12] ^S0>4^ ^^i^ 7l-#2l ^ 7l-#Sl gSj-l- ^^Aj^H, ^7l 

<^1^ 7l-#Lfl ^ila^j ^(cellular component)5l ^71-1- ^^Aj^jji ^7lollfe g^A] ^Aj^ 7].§sl #^^1^ 

^1=1-. ^^1«l-^^s«l-g-7l-^t!:^^1fe <^11-l-<^ ^5-^, ^7l?S, aj^HSS -g-^, 

-g-^J], #s1^il#, ifi^, ^}^*A ^ $.1^^, 42} «oi-^_Wl, 4#*J1, ^c^S^l ^ 4^ *Aj.6^ 

^j7M# :sj7m ^ $14. si^^l, ^-^-Ml, 711^«-Aj^i^ ^^1-^1 ^ ^7HilS ^^71-SH T^^^J]. -if 

Ej-ojj ^4 ^Af-g- ^1^, ^4 4^ Hife ^j^ls ^l^W^^ ^ XI4. 4 447f ^^44 4^^t> ^o^'^^s 

Remington's Pharmaceutical Science(^^^), Mack Publishing Company, EastonPA<^1 7llAl£|c>l wj-"^^ <^]-%-^} 
^ 4 ^^oil 421- afe ^^^<^1 4-51- 4^^s>7ll ^ ^4. 



5|-4i^ 1 
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^ ^ ^^n^, ^'^^^ ^^}^ ^w, -a^. ^j^. ^i^j-^j-Hfl. ^<^i. ^^^]^^, ^ ^'^1 

^ ^^^7} 4^^*1-4. ^^^^ ^«}-^ 1^ Blls44^1 Sl-^i-^o] ot 10 Lfl^l LOOOmg/kg 0131, Hl-^^sl-Tllfe 50 vfl^l 
500mg/kg i^^l ^^"^ ^=^1 ^^i^ 4^^*1-4. 

S. ^ ^Sl-S(-^ ^^^m A>-g-§>fe ^^^m^- ^■§-«>'^ ^ 

<^1«K ^ "i^^^ ^l^fl* §7) ^£-14, ^Ajc^ji^ ^ T&i^^ Ji4 ^^1 <^]n^}y] 

^^Hl : al^l^i ^^J:4 

Sl-tl-Aj is^ ^s^Mc] ^.^^o] ^i^oii Tii^ife <^^# ^<i>iiL7l ^«H. -a-^A]^ 

1. ^^^1- ^ >^>*9=^e| 

80 P>s1^ S.D. 5JH(10^^g, BioGenomics, Korea)* ^SfA]^ * ^^^lofl A>^sl-g4. 

1-^ 2 £E.fe 3 4s]*l 53H-g- #4=:i^N ^c}-4i T^^^l-'^ ^£(20 ifl4 25°C)4 w:e(30 ^414 35%)7l- 2:^51 

«■ 44^<^1^-1 4^s>^4. att. ^^0^-^71^ i2Al^ ^^^s. s^sfS^ni. A>s.<q. ^£^1- ^^«1-5t4. 

N-*lH^Al-4-{5-[4-(5-C'l4iHS^-2-i^ll-l,3-E]<i>#-4-^)3ll^Al]^s.Al}^S6}Til^ lOmg ^ 50ing# ^5 ^ 
-s^^ 1, 2, 3 ^ 4^^ 44- ^^*«r ^1^ kg*^ IGiiig ^ SGing^ ^t"^'^ 51-^4. 

3. -B-^ 

413 ""i^ 44^(ketamine)4 ""i^ 4'a4^(xylazine)ilS P>4t1: ^ 84^11 ^ 94^11 

o)^44 71-j^j^ 4^§M -fr11-*l-S4. -frU-tt ^, #^^^71- 4 ^^§45^4 4 ^ <il«^>^'?l 

S^^^^l-sl ^1^^^^ 1^^, ^^^,:f.c^^, :f.c^ ^7, 14, 21 ^ 28^<^1 ^^^}^^. ^}S.^^^<^ 4€- 7fl^l 

4 4^^!* #^^14 44^ 4^ 4 £^ 413^#^ 184 4^^14 444S4. si4, 44^#4 7fl4 4'^14 44 ^If' 
^^1- ^^^44 444, 44 ^^*^s^4 ^4 ^ 7, 14, 21 1J 28^^ ^44 ^7>^4 ^^l^i: 4^>4S4. 

^4fe a li 44^fl$i4. 
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m 1] 







^-^ 7^a^ 


^-^ 14^^ 


21^^ 


^-<^ 28^^ 




18.80±12.07 


40.20±25.07 


63.40±15.68 


71.60±15.82 




lOin^kg 


16.(X)±13.55 


44.40±14.54 


46.40±22.39 


61.20±22.81 




14.80±08.81 


36.82±29.52 


68.60±16.65 


84.40±23.37 



711^1 ^H-^l ^t!- ^^fe ^fe ^ $14. 
5. 7>#a] 

^^-^^^ sl^S^^i 8 ^ gwi^fl ^^J^ ^^12]- t ^elsl-o^ ^^sU, ^ 

#^ ^^^=1 7m5j ^V;i5i|- „ ^^5. ^^^I-^t::^. 7].gSl ^^gsf '>)-§-§M 5>7l 1 



7l-#2l = l/2(axb2) 

a: ^c}-^,b:7l-#5l 



[X2] 











T-<^ 21*^^ 






85.35±7.96 


19.09±3.11 


n.69±4.15 


9.25±3.00 




lOmg/kg 


12.84+4.42* 


5.47+1.81* 


4.73+2.13* 


3.96+2.41* 


50mg/kg 


8.62+3.43* 


4.36+1.44* 


3.84+1.86* 


3.37+0.79* 



tq-el-A-i, IS] H!l^o>D)c| si-tS^ 7l-#»] ^ ^4. 

6. 2:^1 ^ 

-n-^^?t ^ ^#tt 8^4 10% f^^ji^^^^i Jil^^tt 4-B- 1:51^-^(2.24% if-^s} 0.5N T^^^4Hf-il 

S.^m 3 ^fl^l ^14* 4-B- *ll4S^?l-i-$-^(Hematoxylin-eosin) Sfe H5]3f- 

(Masson's trichrome) ^^•Mjl <^l-g-SM 
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£ loll ^E]-LflSi4. 

5L loll M-H}\+ ^Ol, Sj-SVAl ttl^ol-Plcl ^o^^iA-l 7l-#^^lflo| ^^-1^1 Cfla^oll Hl«ll £S 

^^7l2] Wj-tt^i^S ^14^1 ^^a^^ '^l^*!-^, 7l-#^^Lfloll #7ll*l-fe ^t^^, ^# ^ 'a^^ 

^ (Analysis Image processing; SIS Germany)* c]-g-sl-&l % t^^s. 

^21-fe a 3 ifl^l a 5-^1 

^ ^^8^1-^4. 



[S.3] 











21*^^ 


28^^ 




51.34±11.55 


19.43±2.01 


15.10±2.96 


7.14±2.73 




1 Onig/kg 


33.19±3.06 


6.28±0.72* 


5.55±1.42* 


3.20±0.89* 


50ms/kg 


29.51+5.70** 


6.06+0.44* 


3.58+0.62* 


2.59+0.52* 



* : t|lS?i!-4 BlasM Sl-g<p<0.01), 



p<0.05). 

^ t ^ 





7m ?.^iifl ^^^^^-.^-^1 ^-^(# 7m^ii tfl^ %) 


-0^ 7^^ 


14^^ 


21*^^ 


28*a^ 




43.28±4.66 


39.49±2.79 


24.93+4.13 


17.78+2.30 




lOmg/kg 


24.79+5.43* 


23.77+3.44* 


18.51+2.29* 


6.59+2.02* 


SOmg/kg 


22.42+5.45* 


20.09+6.38* 


11.49+2.31* 


5.37+1.38* 



*: riA^u^ii} Hla^M -a-^^^ $i^(p<0.01) 
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-^Sl^j ^y]] y^±^}^o^y^, -g-^o] 7i.g 2:3] ifl -a #2:3) si d ^o] ^i-i«l-S^cl-(p<0.01). 

tt]-e1-A-l, 15] ifl^oMcl §^^1 7l-#ifl<^llA-l -^l^S^jS] #S3]^SS] cfl^l ^, #^1- # 



5] 





#^^! -t^^ rfl^ %) 






21^.-^^ 


28^.^ 




1.92+0.70 


38.21+4.92 


54.49+6.04 


66.88+5.68 






37.95+6.44* 


54.31+9.50** 


66.71+5.41** 


83.30+4.43* 


50iiig/kg 


39.24+14.12* 


55.94+8.38* 


74.07+8.43* 


87.27+8.97** 



* : cfl^TT^iil- HjasM -f}-^-^<§ $i-g-(p<0.01), 



^Tfl ^7l-S}5^^ol. f-c^ ^^ol ^^^s. 7l.§ ^^ifl gs^sl -t^^ ^ol ^7l-Sl-Si::l-(p<0.01 ^fe p<0.05). 







7^JT- 


^ 14^T- 


21^ T- 


28^T- 




15.80±1.92 


21.80+3.35 


56.80+3.03 


41.60+11.46 




lOmg/kg 


48.80±3.83* 


50.60+2.70* 


31.00+6.67* 


21.60+3.58* 


5Qmg/kg 


42.60+4.62* 


53.60+2.41* 


22.20+3.03* 


17.60+2.97* 



(p<0.01). ^^^l S^n^ 12] HjlS6>olc| ^7] 7l-#Lfl ^lli^^^S] ^7}m #^^1^^^ 9X^. 

Hl*l ^7l5] ^tr-Ai i<s] ttlls^Mia 3l-^i-# ^^^i^i 7}^ S^5iLfl 4#A-fliSl ^fe t|]i5<^l -a- 

tcfel-A^, io| ^so>Blcl #^Al %A^^ 7}m$] #^1- nfl^ JL21-^^S #^Al^^S, #^ #^^1 

7. 7># 
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^ 9»i^fl 7f#o) ^^j^ «.o^ g^^is olf^ oim^l ^^^^ ^ (dual-energy X- 

ray absorptiometry; DEXA, PXImus; Lunar Medison, WI)* <^l-§-«>«H m/cd^ ^^S- ^^^T-S^. 



lS.7] 















14?]^ 


^o) 21^.^ 


28$]^ 




0.12+0.04 


0.22+0.03 


0.28+0.08 


0.39+0.07 


^1 1^] lOmg/kg 


0.24+0.04* 


0.32+0.04* 


0.39+0.04** 


0.55+0.06** 


•a^o>i.l^ ^^T-g SOnis/kg 


0.24+0.03* 


0.32+0.04* 


0.44+0.07** 


0.57+0.04** 



7Kf^ o.n], ^oj ^^ol ^^^^ 7l-# ^'Stfe c-l ^o) #7l-sl-^cf(p<0.01 afe p<0.05). 
8. 7># *7j-is] 

-B-^t!- ^ 9^^ ^#<^l^i 7l-#ol ^Aj^ w-^Sl #7j-£i. §7j-£ ^^^^Klnstron 6022; Instron, 

USA; speed 20iniii/min)l- C'l-g-sH tree-point bending ^^S. ^^^S^t^. 



E. 8] 





7m -s-^j-.v,^ 


7^]T- 


14?]T- 


21^.T- 


28^]T- 




1.24±0.28 


1.53±0.51 


2.06±0.18 


2.38±0.22 




l(JllUi/kg 


2.1510.42-^* 




o.iOlO.iO* 


3.26-L0.13** 


SOmg/kg 


2.35+0.47** 


2.84+0.34* 


3.23+0.35* 


3.35+0.38** 



* : tflS-7-3|- ulasH -B-^^ ^^(p<0.01), 
** : r^3^-^4 a]MS}o] ^^^j Sl-S<p<0.05) 



7K>^ :^<^ %^o] S^^^ 7l-# #7^£fe cj ^o) ^7l-sl-^4(p<0.01 afe p<0.05). 

9. 
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^^Ife ^5±a§^^l-S- cfla:^^ ^]^^}'^^ SPSS (Release 6.1.3., SPSS Inc., USA)* o]^%}c^ 

Mann- Whitney U-Wilcoxon Rank Sum ^^S. ^^«>5i4. 



S|-S}-A{ i^^oj-pjci 2J.^^ - 2g 

-^^ - 0.5g 
- 0.5g 

^7121 ^^^^ ^^^}JL 7l^i<^l f^^SM ^l^Sl-gi::!-. 
12^ ^S6>T3l^ - lOOmg 

4^^^ _ 50nig 
^1^^ - SOing 

-fr ^ - lOOmg 

- ISmg 

^tflo>^A]- nfjitll^ -2ing 

^7l2] i^tt ^. -i-^Sl ;^lS«j-i^oll Bl-^SH ^l^Sl-gi::!-. 

3. ^IS 

Sj-SJ-^l 12^ ^2:6>Tll^ - lOOmg 

4^^^^ -50mg 
^1^^ €1-3.^ - SOnig 
-a- ^ - lOOmg 

- ISmg 

^tflo>BiA]- Pfnt]!^ - 2iiig 

^1-71^ ^i^^ ^, ^^1-^ ^^#^1^ ^51-11 f^^sH ^^#^11- ^lasv^cf. 

4. ^^^^^51 
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^Wf^ 12] ^^o}x2]v^ - lOOmg 

^7lf- - 400iiig 
efl^l^ - 20mg 
12^-^ - 200iiig 

^^y]^ ^^^^ ^, #^oi-^ ^^-"A ^lss>S4. 

St-S}-^ 1^ )fflSo|-p)c| - 10//g/m£ 

^^}%- "^Sl-M-Sf - BP - ^ nfl lm£ 

^^tt '^i^M-H^ BP ^s}-^ 1^1 ttl^oi-Pici ^^1-^^ ^sflAl^^lja, /p^5i ^ojjo^ f?-^ cgAi 

BP* Al-^sl-o^ pH 3.5S ^^SU, ^A>^ BP* 4^sl-o^ ^^1-Sl-S4. 

^ ^^^^ S^^l-^ 7l-#Sl ^1^^ ^^Al^lJl, 7l-#S] ^ $i7l1 ^7M7H, 7l-# S 

4. 

(57) tl^M 

1. 

......I*., 




2. 
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